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We study the quantum phase transition of an S = 1/2 anisotropic α (≡ Jz/Jxy) Heisenberg antiferromagnet on a triangular lattice. We calculate the sublattice magnetization and the longrange helical order-parameter and their Binder ratios on finite systems with N ≤ 36 sites. The N dependence of the Binder ratios reveals that the classical 120
• Néel state occurs for α < ∼ 0.55, whereas a critical collinear state occurs for 1/α < ∼ 0.6. This result is at odds with a widely-held belief that the ground state of a Heisenberg antiferromagnet is the 120
• Néel state, but it also provides a possible mechanism explaining experimentally observed spin liquids. Because an exotic spin state may occur as a result of low-dimensional quantum fluctuations and geometric frustration, the S = and spinon interaction.
21
Before examining these mechanisms, we must first carefully re-examine the GS properties of the QAFH model because the base of the 120
• Néel GS is not yet solidly established. In particular, even in the most widely accepted studies, the magnitude of the sublattice magnetization (SMAG) m † is not compatible. SW theory in finite systems 9 and the quantum Monte Carlo technique 12 suggest m † = 0.4 ∼ 0.5 in the classical case units of m † = 1, whereas numerical series expansions suggest either m † ∼ 0 5 or some small value. 6 In the ED technique up to N = 36 spins, results depend on the scaling functions, which gives either m † ∼ 0.5 9,11 or m † ∼ 0. 10 The quantum Monte Carlo technique 12 does not satisfactorily reproduce ED results for N = 12 and 36.
In the present paper, we report that the GS of the QAFH model differs from the 120 • Néel state. We consider finite systems with N (≤ 36) sites in the usual way, but take a different approach. To investigate the quantum phase transition, we consider with an anisotropic model. We calculate the SMAG and the long-range helical order (LRHO) parameter and examine the Binder ratios of these quantities. We find that, in concurrence with recent results, the GS is a critical state with collinear structure in the Ising-like range and a 120
• Néel state in the XY-like range. In contrast, the GS is a SL state in the Heisenberg-like range. We estimate an anisotropy threshold for the occurrence of the critical state and for the 120
• Néel state. We start with an anisotropic model on periodic finite lattices described by the Hamiltonian
where J > 0, α ≥ 0, and the sum runs over all the nearest-neighbor pairs of sites. Note that the model with α = ∞ is an Ising model for which the GS is a critical state characterized by a power low decay of the spin correlation function. 22 At the other limit, the model with α ∼ 0 is an XY-like model for which the 120
• Néel state is suggested to occur. 10, 23 We discuss the spin structure of the Heisenberg-like model with α ∼ 1 by comparing the properties of this model with those of the Ising-and XY-like models. The main issue is whether m † = 0 or not.
By using a power method, we calculate the GS eigenfunction |ψ G for two types of lattices, A and B, with N ≤ 36 sites. Type-A lattices have N = 9, 12, 21, 27, 36, and type-B lattices have N = 15, 18, 24, 30, 33. The shapes of the type-A lattices were presented in Ref. 10 ; for this lattice type, the sublattices Ω 1 , Ω 2 , and Ω 3 are equivalent. The type-B lattices are constructed so that the 120
• Néel structure is possible in the classical case. The SMAG of the type-A lattices, and in particular their N dependence, have already been studied by several groups.
9-11 However, for these small systems, the data strongly depend on the parity and magnitude of N . In the present work, we add to these the data for type-B lattices.
First, we consider the SMAG. The ν component (ν = x, y, z) of the square of the magnetization of the Ω l sublattice is defined as
and the xy component is defined as m 
where m We first examine the GS of the Ising-like model for 1/α < 1. In Fig. 2 , we plot B We now consider the helicity, which gives a complementary view of the spin ordering (i.e., it is sensitive to the 120
• structure). The local helicity 7 for each upright triangle at R is defined by The order of i → j → k is counterclockwise. The LRHO parameter in the ν component is defined as
where the sum is over all upright triangles. We consider the LRHO parameter in the xy plane, χ for α < 1 are smoothly connected with those for α > 1. This result supports the finding above that the spin structure does not changes abruptly at the Heisenberg point α = 1.
To examine the presence of the 120
• structure in the xy plane, we consider the Binder ratio B 2N ) decreases with increasing N , which weakens the effect, and it is absent for N even.
